Information on the biodiversity of high altitude lakes in the Stelvio National Park was scarce and fragmentary, in most cases limited to a few studies on a single biological issue. To fill this gap, a multidisciplinary research program was established in 2011 to investigate macroinvertebrates, diatoms, and water chemistry in 8 high altitude lakes within the boundaries of the Park (Rhaetian Alps, Eastern Alps). The results of this study were compared with data on biological assemblages and chemical parameters of Alpine lakes in the Pennine-Lepontine
INTRODUCTION
Most of the lakes and streams located in the headwaters of catchments are ecosystems of high quality due to their low nutrients concentrations. Alpine lakes are characterized by unique physiographic, morphometric, hydrological, and edaphic characteristics. They are mainly fed by melting snowfields and glaciers. These features make them unstable systems, often affected by human pressures, air pollution, and climate change (Catalán et al., 2006; Kwandrans, 2007) .
Furthermore, alpine freshwaters exhibit a very low biodiversity that includes few species, most of which rare or sensitive. Being adapted to extreme conditions, these organisms are particularly vulnerable to environmental changes Marchetto et al., 2009; !iamporová-Za"ovi#ová et al., 2010; de Mendoza and Catalan, 2010) . For these reasons, alpine lakes have been widely used as early-warning systems to study the effect of anthropogenic stressors (Battarbee et al., 2009 ).
These remote ecosystems are indeed no longer in pristine conditions, because environmental changes are affecting their water quality and biota, as well as their structure and functioning (Catalán et al., 2009) . Alpine lakes serve as a refuge for glacial relicts, fragile organisms whose persistence in actively reproductive populations can be strongly influenced by several stressors (eutrophication, acidification, toxic pollution, climate change, and fish introduction). Therefore, these stressors are also potentially affecting the lakes functioning and services (King et al., 2000; Lods-Crozet et al., 2012) . As a result, biodiversity (with its functional role related to changes in the state of a lake, regime shift and resilience) and its monitoring have become an important tool in target-oriented planning, being useful also to control performances of tailor- made measures and programs in the area of water management (Bennion et al., 2012; .
Notwithstanding the multiple statements above mentioned, most of the Alpine lakes (especially those located in mountain and alpine areas) are not included in monitoring programs foreseen by the Water Framework Directive because of their comparatively small dimensions (below 0.5 km 2 in surface). However, these fragile ecosystems require an appropriate surveillance within the national monitoring programs. Only long-term data series can provide an adequate and robust database to develop targeted researches to assess anthropogenic climate changes, to find solutions, and to evaluate adaptive strategies to climate warming (Jacobsen et al., 2012) . In the near future, alpine lakes will become strategic for water management because of their pivotal role in the regulation of water balance, and as secondary and relevant source/sink of pollutants to lowland ecosystems, with large impacts on water quality and usage.
In view of the above stated, in 2011-2012 a research study was carried out by the CNR-Water
Research Institute (CNR-IRSA), formerly CNR-Institute of Ecosystem Study (CNR-ISE), in the Stelvio National Park (SNP, Rhaetian Alps, Italy), to evaluate the ecological status of some lacustrine environments on the base of their chemical and biological characteristics.
Macroinvertebrates and diatoms, considered as key groups for monitoring programs since the '70s (Descy and Coste, 1991; Rosenberg and Resh, 1993) , were employed. The study was performed in the framework of the SHARE Stelvio, an interdisciplinary program for detecting early evidences of climate change in the SNP. In the past, few research projects were carried out on lakes in the Park area, restricted to specific issues such as macroinvertebrates (Dell'Uomo et al., 1980) and chemistry in Lake Bianco (Giussani et al., 1986) , or chironomids of temporary lakes at the glacier's mouth (Forasacco, 1998 (Forasacco, -1999 . In general, the data on diatoms are scarce for the Rhaetian Alps (Rotta et al., 2018) . To our knowledge, this study represents the first attempt to ecologically characterize the lakes of the SNP considering both chemical and biological aspects.
The present study contributes to expand the list of macroinvertebrates and diatoms species for the Italian Alps, in particular, by extending the knowledge on water chemistry and biodiversity of high altitude lakes in the SNP area, so far only studied from a glaciological and geomorphological perspective. The improved knowledge on the aquatic biodiversity of this mountain range allows to highlight the conservation value of the high altitude lakes and of their natural and semi-natural habitats, with the final aim to protect and maintain their biodiversity.
This is in line with the requirements of the European Regulations (Habitat Directive 92/43/EEC).
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Moreover, the extreme environmental conditions and the altitudinal isolation of the lakes studied, make them excellent model systems: 1) to compare the results obtained from the present study with a larger data set of lakes in the Pennine-Lepontine Alps to test weather varied lithological, geographical and hydrological characteristics, and varied lake and catchment morphological features may induce different macroinvertebrates and diatoms assemblages; 2)
to test the environmental factors structuring the assemblages of lake macroinvertebrates and diatoms in the SNP lakes highlighting their significance at local or global scale, and the sensitivity of these environments under changing climatic scenarios.
METHODS

Study area
A bi-partitioning system, named International Standardized Mountain Subdivision of the Alps (ISMSAI, SOIUSA in Italian), is actually in use in Italy for classifying the Alps on the base of their geography and toponomy (Marazzi, 2005) . This system recognizes the Western and the Eastern Alps. The latter includes the Rhaetian Alps (Lombardy, Italy) studied in this paper.
The SNP (Fig. 1) , located on the Rhaetian Alps, extends along 1307 km 2 over the Lombardy and Trentino Alto Adige Regions, being one of the largest protected area in Italy and in the Southern side of the Alps. Our research was focused on the Lombard sector of the Park, covering an area of about 600 km 2 . Based on a detailed remote analysis of the SNP area (Salerno et al., 2014) , 8 glacial lakes, placed above the local tree line along an altitudinal range between 2400 and 2900 m (± 200 SD) asl, were selected. These lakes (Tab. 1), referred in the paper as Rhaetian Alps lakes (R Alps), were sampled in 2011 during the ice-free season (June-July). R Alps have a median catchment area of 0.19 km 2 , and surface areas between 0.001 and 0.075 km 2 . Catchments are mainly formed by metamorphic rocks, with a prevalence of mica schists and gneiss. Lakes Manzina, P1 Rosole, and Bianco have a glacier in their watersheds. Lake
Rosole is characterized by tourism and livestock grazing impacts, and Lake Nero by the presence of a cowshed.
Field and lab procedures
The sampling strategies followed the European standardized water quality monitoring protocols and the sampling guidelines for high altitude lakes (ICP Waters Programme Centre, 1996 Boggero et al., 2011; UNI, 2014) . Procedures, used since the '90s at the Water Research Institute (CNR-IRSA) in Verbania, (formerly, Institute of Ecosystem Study CNR-ISE, were modified for the specific conditions of the study area.
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Water for chemical analyses was sampled at the lake surface or at the outlet, using 0. The sampling procedures for macroinvertebrates followed the standardized protocol developed during previous projects (NIVA, 1987; ICP waters Programme Centre, 1996 . Macroinvertebrates were sampled using a handle-net (250 $m mesh aperture) in the littorals, at a maximum depth of 0.5 m, to obtain semi-quantitative samples. In each lake, the habitats present (mud, gravel, cobbles, pebbles or rocks), known to control macroinvertebrate abundance and distribution (Abraham et al., 1999; Jyväsjärvi et al., 2013) , were closely examined by dragging the substrate over a length of 1 m. Three replicates, representative of the peculiar habitats of each lake, were taken. Samples were sorted into major groups of macroinvertebrates using a stereo-microscope (Leica M125, magnification 80x), and preserved in 80% ethanol for subsequent taxonomic identification. Most of the groups were identified to species level by preparing slides of sexually mature Oligochaetes, and of larvae, pupae or pupal exuviae (when present) of Chironomids. Slides were observed under a Zeiss Axiolab microscope (1000x). Genus or family level of identification was preferred when poor conservation status of specimens (due to damages caused by friction) or the presence of juveniles did not allow the identification to species level. Relative abundances (%) were then estimated. The identification envisaged the use of specific taxonomic keys: Timm (2009) and Schmelz and Collado (2010) for the oligochaetes; Wiederholm (1983 Wiederholm ( , 1986 for the Chironomids and several guides with national distribution related to the remaining groups of macroinvertebrates (AA. VV., 1977 VV., -1985 .
Epilithic diatoms were sampled on cobbles of appropriate size (mesolithal), preferably free of filamentous algae. At least 5 cobbles were collected from the littoral zone of each lake, far from inflow influence. The top surface of each cobble was brushed with a clean toothbrush to remove the biofilm (Kelly et al., 1998; CEN, 2003) . In laboratory, the samples were then treated with hot hydrogen peroxide and hydrochloric acid following standard procedures (Battarbee et al., 2001) , and finally mounted using Naphrax on permanent slides for species identification (Zeiss Axiolab, magnification 1000x). The taxonomic recognition was based on Krammer and LangeBertalot (1986-1991) , Krammer (2000) . The most recent nomenclature was updated following Cantonati et al. (2017) and using the software OMNIDIA version 6.0.1 (2016) (Lecointe et al., 1993) . For each sample, a minimum of 300 valves were identified and results were expressed as relative abundances (%) (Battarbee, 1986; Battarbee et al., 2001) .
In summary, the sampling procedure includes a total of 72 samples: 8 samples for chemical analysis (1 per lake), 3 replicate samples for each lake to determine the structure of the macroinvertebrate assemblage, and 5 replicates for each lake for diatom composition studies.
Data analysis
A Hierarchical Cluster Analysis (HCA; Rokach and Maimon, 2005) was first applied to chemical data to identify the main sources of variation within the lake waters. Ward's minimum variance method was used as a standard clustering procedure and Euclidean distance was used as a distance measure.
Before running a Canonical Correspondence Analysis (CCA), a Monte-Carlo permutation test (Hope, 1968) to downweight rare species. Very rare species, those present with relative abundances lower than 3%, were not included in the data set to avoid noise effect (Gauch, 1982) . All the environmental variables (except pH) were log-converted to transform skewed data to approximately conform to normality (Box and Cox, 1964) . The combined effort of both techniques (HCA and CCA) enabled to obtain more robust interpretations of the variability in lake water chemistry and of its interaction on the community assemblages.
Accepted Article
Then, the most well-known diversity, abundance of taxa, and evenness indices were evaluated.
Richness (evaluated as number of taxa per each lake), two different diversity indices (Shannon- Weaver and Simpson) (Shannon and Weaver, 1948; Simpson, 1949) , and evenness (Pielou, 1966) were applied to macroinvertebrates and diatoms. The goal was to highlight differences among lakes as regard their environmental status, how indirect anthropogenic pressures impact both communities, and to test whether the results obtained from these indices were comparable while explaining lakes' assemblages. Thus, a regression analysis (RA; Chatterjee et al., 2000) was performed for estimating the relationships among the main key drivers of assemblage structure highlighted by the CCA, and the biodiversity indices. In this case, richness was logtransformed to improve the assumption of normality.
Finally, the non-parametric Kruskal-Wallis Test (Kruskal and Wallis, 1952) was performed on two different sets of lakes: R Alps, sampled during the present study, and Pennine-Lepontine lakes (P-L Alps). The data of P-L Alps, sampled following the same protocols, belongs to an extensive survey performed within EU projects on mountain lakes (Marchetto et al., 2009; Rogora et al., 2013) . Kruskal-Wallis Test aimed to assess whether median distributions confirm a separation or indicate a homogeneity between the two lake data sets. The test was performed both on the main chemical variables and on the different biodiversity indices applied to macroinvertebrates and diatoms.
RESULTS
Water chemistry
The main chemical features of the eight lakes considered in this study are shown in Tab. 2. The lakes were characterized by a high variability of solute content, spanning from very dilute (e.g. conductivity below 10 $S cm -1 at 20°C) to mineralized waters (above 200 $S cm -1 ). The prevailing ions in most of the lakes were calcium, among cations, and bicarbonates, among anions; however, these ions were present in different concentrations in the different lakes analysed. For instance, calcium ranged from 27 $eq L -1 to more than 1000 $eq L -1 . Sulphate also showed a wide variability in concentrations, from values below 100 $eq L -1 to 1700-1800 $eq L -1 . SNP lakes are differently sensitive to acidification, as shown by pH and alkalinity values: pH varied from 6.2 to 8.0, and alkalinity from 20 $eq L -1 to more than 500 $eq L -1 . In particular, Lake Rosole differed from the other sites for its very low ionic content and conductivity, and its low buffer capacity (low pH and alkalinity values). This lake also differed for nutrient concentrations: phosphorous was higher than the other lakes (6 and 15 $g P L -1 as reactive and total phosphorous, respectively), while silica was lower (0.10 with respect to 0.6-Accepted Article
The same lake showed higher TOC concentrations (1.67 mg C L -1 compared to 0.1-0.7 mg C L -1 in the other lakes); nitrogen also was mainly present in organic form (more than 80% of total nitrogen) in this lake, indicating a higher organic matter content (Tab. 2).
Due to TP concentrations below 4 $g P L -1 , the remaining lakes can be classified as ultraoligotrophic. The only exception was L2 Pisella, showing a slightly higher phosphorous content Chemical data highlighted the high heterogeneity characterizing even lakes located in a limited geographical area: as an example, the two lakes in the Pisella Valley showed different ionic contents, with major ions concentrations being one order of magnitude higher in L1 than in L2.
A similar condition was found in the Rosole Valley (e.g. L1 Rosole and P1 Rosole).
The comparison of R and P-L Alps lakes (Fig. 2) showed that, despite the low number of lakes considered in this study (n=8), the R Alps had a higher and more variable solute content, especially sulphate and base cations. They were also characterized by higher pH and alkalinity values compared to the lakes in the P-L Alps (Marchetto et al., 2009; Rogora et al., 2013) . This indicates a lower sensitivity of R Alps to acidification and a higher buffer capacity of lake waters. NO3 concentrations in R Alps lakes were lower than those of other lakes in remote areas (Rogora et al., 2008) , but comparable to those of lakes in the P-L Alps (Fig. 2) , indicating a similar contribution from atmospheric deposition which is the main source of inorganic N to these high altitude lakes.
According to the HCA, two main groups were identified (Fig. 3) , the first including lakes Manzina, L1 Rosole and L1 Pisella, the second the remaining lakes (Rosole, P1 Rosole, L2
Pisella, Bianco and Nero). Despite they belong to the same valley, L1 Pisella and L2 Pisella were grouped into different clusters, and the same occurred to L1 Rosole and P1 Rosole.
Assemblage structure of macroinvertebrates
As a whole, 2927 individuals were collected along lake shorelines, belonging to 32 taxa considering family, genus, and species level of identification. The taxa recorded in each lake are summarized in Supplementary Material 1.
Dominant groups were oligochaetes and chironomids, variously represented in each lake. Their populations cover over 97% of the macroinvertebrate assemblages. The abundances of Accepted Article
Coleoptera (1.1%) and Trichoptera (0.9%) were significantly lower. Mollusca (Bivalvia), and other Diptera families (Sciaridae, Tipulidae) were very rare (<0.7%).
Based on the mean number of individuals (Supplementary Material 1) , the most abundant chironomid species were Paratanytarsus austriacus and Micropsectra radialis, followed by Paracladius alpicola. Within oligochaetes, Enchytraeidae, mainly belonging to the semiaquatic genus Cognettia, prevail in these ecosystems. Nais communis and Tubificidae (probably Tubifex tubifex) were numerous, but only in lakes Bianco and Rosole. Coleoptera Dytiscidae abounded only in Lake Rosole, while bivalves had a few representatives in Lake Bianco.
As for the number of species, Clitellates were represented by 5 species of Naididae (of which 4 Naidinae and 1 Tubificinae), 5 of Enchytraeidae, and 1 of Lumbriculidae, while chironomids by 2 species of Diamesinae, 8 of Orthocladinae, and 4 of Chironominae. The remaining taxonomic groups (like Diptera other than chironomids, and Bivalvia) were represented by a single family and by a single species.
R Alps lakes were also characterized by a high variability in term of species richness. Lakes P1
Rosole, L1 Rosole, L1 Pisella, and Nero had a lower number of taxa (&6), while the remaining lakes displayed a richness two times higher. Diversity indices (Tab. 3) showed that four lakes had Shannon diversity higher than 1 (Bianco, Manzina, L2 Pisella, Rosole), in accordance to the high species richness detected, Simpson index <0.4, and Pielou evenness >0.5. The remaining lakes (P1 Rosole, L1 Rosole, L1 Pisella, and Nero) had very low species richness (&6), thus their diversity indices exhibited values lower than 1, and Pielou evenness <0.5 (for Lake L1 Pisella <0.2).
Assemblage structure of diatoms
A total of 111 taxa belonging to 38 genera were identified to the highest taxonomic resolution possible, mostly to species level, and, when possible, to sub-species level. Eighty-nine out of 111 (80%) were present with abundances lower than 3%. Thirty-three (29%) were categorized as taxa with current trend "decreasing", following the Threat criteria and categories of the German Red List for Central Europe (Lange-Bertalot, 1996; Ludwig et al., 2009) . The species list and their codes are available in Supplementary Material 2.
The most taxa-rich groups were the naviculoid biraphids (19 species) and the monoraphid (15 species). The naviculoids comprised 9 genera (number of species in parenthesis): Navicula (7),
Diadesmis (1), and Luticola (1). The monoraphids included 6 genera: Psammothidium (9), Achnanthidium (2), Achnanthes (1), Karayevia (1), Eucocconeis (1), and Rossithidium (1).
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Other biraphids included Nitzschia, Pinnularia, and 10 cymbelloid taxa belonging to 5 genera:
Cymbella (3), Encyonema (3), Encyonopsis (2), Delicata (1), and Navicymbula (1). Other taxarich groups were the fragilarioids (12 species), with the genera Fragilaria (5), Staurosira (3), Pseudostaurosira (3), and Staurosirella (1).
The most common and abundant species were Achnanthidium minutissimum, Encyonema minutum, and Cymbella affinis, followed by Nitzschia elegantula and Achnanthidium helveticum, also common, but reaching high percentages only in a few lakes (the former in Lake L1 Rosole 19.9%, and the latter in lakes P1 Rosole 17.2% and L1 Rosole 9.9%). Noteworthy the presence of Microcostatus krasskei with high abundances (39%) in Lake Rosole, occurring usually on lithic pseudo-aerial substrates; and of the rheophilic Fragilaria gracilis, recorded
with high values only in Lake Nero (83%).
Diversity indices showed marked differences in richness and evenness among SNP lakes (Tab.4). Lake Nero had the lowest richness, Shannon diversity and Pielou evenness. In Lake 
Relation between abiotic factors and macroinvertebrate-diatom assemblages
The Monte-Carlo permutation test was performed on a set of 22 environmental variables characterizing the chemical composition of lake waters, the lake-morphology and the geographical distribution of the lakes. It retained 14 variables for the subsequent analyses (pH, sulphate, calcium, magnesium, sodium, potassium, TP, TN, reactive silica, TOC, altitude, lake area, catchment area, % glacier cover). The test excluded temperature (related to altitude), alkalinity (related to pH), conductivity (related to major ions concentrations), nitrate and ammonium (related to TN), RP (related to TP), and fluoride and chloride for their values very close to the detection limit of the analytical method.
CCA, applied to R Alps lakes, accounted for 92% of the total variance (the first axis representing 51% of the total variance and the second axis a further 41%). CCA revealed two outliers, lakes Nero and L1 Pisella, characterized by high relative abundances of two diatom species (85% Fragilaria gracilis and 42% Encyonopsis microcephala).
From the analysis, two groups of lakes were selected, reflecting their geographical position and water chemical composition (Fig. 4) . The first group, on the right side of the graph, represents the lower altitude, larger lake and basin areas, lakes (i.e. lakes Nero and Bianco), and with Accepted Article
higher nutrients content (relatively higher TOC and TP -lakes Rosole, L2 Pisella, Nero). The second group, on the left side of the graph, consisted of lakes of higher altitude, smaller in lake and basin areas, (i.e. lakes P1 Rosole, L1 Rosole, L1 Pisella), and with higher solute content and pH (lakes Manzina, L1 Rosole, L1 Pisella). The same two groups separate also the warmer lakes, characterized by stronger water level fluctuation (WLF -right side) due to the absence of an inlet or to high variations in water inputs, from the colder ones, with scarce evidence of WLF (left side).
Benthic macroinvertebrate taxa appeared to reflect differences in lake types and climatic conditions (Fig. 4 left) , with Naididae, Lumbriculidae, Orthocladiinae, and Tanytarsini (represented by Micropsectra radialis) present in the lower and larger lakes, where altitude determines warmer water conditions. On the contrary, Trichoptera, Diamesinae, Tanytarsini (on this occasion represented by Paratanytarsus austriacus), and Coleoptera Dytiscidae dominated the higher and smaller lakes, where altitude determines colder local conditions. The genus Cognettia represented the only exception, being more abundant in the lower and larger lakes, but also present in higher altitude lakes.
Diatoms distribution among lakes (Fig. 4 right) was mainly related to nutrient concentration and total ionic content of the lakes, thus taxa were not grouped on a geographical or a morphological basis.
After performing the RA among the different indices applied to macroinvertebrates vs altitude and pH (Fig. 5) , highlighted by the CCA as the main drivers characterizing the macroinvertebrate assemblages, significant relationships with different and decreasing level of significance were obtained. Altitude vs: i) the log-transformed richness, the Shannon and the
Simpson diversity indices at a significance of P=0.001 (Fig. 5 a-c) ), and vs ii) the Pielou index at P=0.01 (Fig. 5d ). In the case of pH, no significant relationship was found both vs i) the logtransformed richness, the Shannon and the Simpson diversity indices (P>0.5) (Fig. 5 a-c) , and
vs ii) the Pielou index (p=0.1) (Fig. 5d) .
The same analysis ran considering the different indices applied to diatoms and pH (main driver influencing diatom assemblages structure according to the CCA) pointed out that the relationships with the log-transformed richness, the Shannon and the Simpson diversity indices and the Pielou evenness were not significant (Fig. 5 ). In the case of diatoms, the biodiversity indices were neither influenced by altitude nor by pH.
A comparison between biodiversity indices applied to R Alps lakes and to a larger dataset of lakes belonging to the P-L Alps was performed through Kruskal Wallis test (Fig. 6) . The results indicated that macroinvertebrates biodiversity indices were lower in the R Alps than in the P-L Accepted Article
Alps, with different degree of significance. On the contrary, the results of the same Test applied to diatoms were not statistically significant.
DISCUSSION
The chemical characteristics of the lakes in the R Alps reveal a wide spatial heterogeneity, characterizing even lakes in the same valley, or however placed in a limited geographical area.
The groups of lakes resulting from the CA are not dependent on geographical attributes but on the ionic content of each lake, mainly represented by calcium and sulphate ( Fig. 3 ; Tab. 2).
A high heterogeneity in the lithological composition of the bedrock can probably be the main factor responsible for the wide range of chemical characteristics detected and, in particular, for major ion concentrations (Marchetto et al., 1995) . Even small differences in the mineral composition of rocks and soils in the catchments may indeed explain the different lake chemistry, especially when more weatherable minerals are present (Kamenik et al., 2001) .
Lakes in the R Alps are characterized by higher pH and alkalinity than lakes in the P-L Alps, indicating a lower sensitivity to acidification and a higher buffer capacity of their waters.
A further factor affecting lake chemical composition, especially trophic level and organic matter content, is the presence of anthropogenic activities determining the nutrient enrichment of the lakes (Tiberti et al., 2014) . The presence of a refuge and of livestock in the summer period may explain the higher nutrient and organic matter content in Lake Rosole compared to the other lakes. As regard nitrogen content, lakes in the R Alps are characterized by average NO3 concentrations comparable to those found in other high altitude lakes in the P-L Alps (15-20 $eq L -1 ). This indicates a contribution from medium-or long-range atmospheric transport and deposition of N compounds (Rogora et al., 2008) , representing the main source of inorganic N to these high altitude lakes. A study performed on sediments of lakes in the R Alps reveals a slight contamination by persistent organic pollutants (Poma et al., 2017) ; however, it also confirms the role of medium-range atmospheric transport in the transfer of POPs or other atmospheric compounds to these lakes.
In high altitude lakes, the macroinvertebrate assemblages are directly related with lithological and chemical conditions but, interestingly, chironomids, are mainly influenced by the altitudinal/temperature gradient (Fjellheim et al., 2000 , 2009 , Marziali and Rossaro, 2013 .
Our findings through CCA applied to environmental features and macroinvertebrates seem to mirror differences in lake types, determined by lake area and geographical position (influencing water level fluctuations), and nutrient concentrations. These assemblages are indeed characteristic of oligotrophic waters and usually similar among lakes, but local differences due Accepted Article
to lake sun-exposure, land use, and water turbidity may vary their composition. In general, the lakes studied are characterized by cold-adapted species of oligochaetes typical of the Paleartic region, like Cognettia spp. and Stylodrilus heringianus.
Some of the species found at these altitudes strictly represent the lake environment they inhabit, being adapted to temperatures lower than 10 °C (Rossaro, 1991; Marziali and Rossaro, 2013) or to altitudes higher than 1800-2000 Hamerlik et al., 2017) . This is the and algae on hard substrates (Dumnicka, 1994) . Among them, remarkable is the presence of Paranais litoralis and of Chironomus cingulatus (Lake Rosole), euryhaline species confined to muddy substrata and able to withstand considerable variations in salinity (Brinkhurst and Jamieson, 1971; Grigelis, 1980; Moller Pillot, 2009) . Their presence suggests water salinity variations related to temperature rises and strong evapo-transpiration, causing solute increases during summer. The presence in the same lake of Pristina (P.) jenkinae (formerly, Pristinella idrensis) and Uncinais uncinata may indicates higher water temperature, and presence of submerged vegetation. Genera like Heleniella, Orthocladius, and Tvetenia, typical of flowing waters, are probably related to the proximity of inlets/outlets. On the contrary, in Lake Rosole, the presence of Paratrichocladius, typical of cool and still waters, but also of flowing and brackish waters, can be related to water salinity variations like Pristina (P.) jenkinae.
In the Alps, the altitudinal/temperature gradient is of particular interest for the distribution of flying insects (de Mendoza and Catalan, 2010) , contributing to their dominance at the highest elevations because of their freezing-tolerance (Bale et al., 2002) (Fig. 7) . Thus, while chironomids tend to decrease from the higher to the lower altitude lakes, an opposite trend is observed for oligochaetes. We assume that this shift can be related to temperatures mitigation together with a concomitant enrichment in organic matter as the altitude decreases, causing a consequent change in the macroinvertebrate assemblages, from the early formation of lakes by glaciation, up to the present days (lake ontogeny hypothesis).
The R Alps lakes we considered are indeed so high in elevations (2400-2900 m asl) compared to the Pennine-Lepontine Alps (1881-2450 m asl), so cold, so shorter in ice-free periods, and Accepted Article
so scarce in food resources, that the colonization, dispersal ability, and development of their macroinvertebrates are markedly affected (de Mendoza and Catalán, 2010; Catalán and DonatoRondón, 2016) . As a result, the significantly lower macroinvertebrate biodiversity indices recorded in the R Alps, almost certainly, reflect the inability of most aquatic taxa to colonize and sustain populations at the highest altitudes.
As for diatoms, the most frequent and abundant taxa found in the study area are common elements of epilithic communities, with benthic or epontic species well adapted to survive to long ice covered periods. Achnanthidium minutissimum, Encyonema minutum, and Cymbella affinis are indeed largely diffused in Central Europe and in the Alpine regions, and considered highly sensitive according to most diatom indices (Lecointe et al., 1993) .
The altitudinal/temperature gradient in our data set is not large enough to record significant differences in diatom species assemblages. CCA results show that assemblage structure seems to respond mainly to water chemistry rather than to geographic or morphometric features. Even if diatoms are known to be pH-sensitive, in the present work, pH is not an important key factor, because R Alps lakes show a limited pH range (shifted towards higher values), and a quite high buffer capacity. Nutrient concentration and ionic content have a greater effect on species composition respect to pH, reflecting the geological and physical characteristic of substrates.
Therefore, the presence of Nitzschia palea, N. frustulum in lakes Rosole and Bianco or of Cymbella affinis in lakes Rosole, Bianco and L2 Pisella suggests a high organic matter and nutrient content. Fragilaria gracilis, the main component of Lake Nero epilithon, is a rheophilic species with wide pH and solute content requirements. This species prefers fresh-brackish, oligo-mesotrophic '-mesosaprobic waters (Antón-Garrido et al., 2013) and can be found both in the plankton community living in ribbon-like aggregates or in the benthic population, clumps like attached to substrates. Its dominance in Lake Nero is likely associated to a slightly higher organic content.
Taking into consideration the distribution of taxa and its link to water level fluctuations, moisture indicator values (van Dam et al., 1994) were given for 62% of the species found (69 taxa). About 84% of these taxa occurred mainly in lakes, while 16% on wet, moist or temporary dry habitats, reaching high abundances in very few cases. Among them, Microcostatus krasskei is an aerophilic freshwater species typical of lithic pseudo-aerial substrates (Johansen and Sray, 1998) ; it is present in four lakes, but only in Lake Rosole with high abundances, indicating extreme water level fluctuations.
Undemanding nutritional habits, simple structure, fast growth and both sexual and asexual reproduction make diatoms extremely adaptable to various ecological conditions, resulting in Accepted Article
their high survival capacity and species biodiversity (Krivograd Klemen#i# and Toman, 2010) .
In Alpine lakes subject to harsh conditions, local factors become important in selecting the community composition. Diversity indices show local differences within the R Alps lakes that are similar to those found in the P-L Alps, and not related to altitude or pH, but probably to ionic and nutrient contents. The same situation is also found in other high mountain lakes in the Adamello-Brenta Regional Park (Tolotti, 2001) , where diatom assemblages are characterised by taxa belonging to genera Navicula, Achananthes, Cymbella s.l. and Pinnularia, and where no significant correlation is found between species diversity and environmental variables. In our opinion, spatial and temporal changes of physical and chemical characteristics affect the presence of ecological niches, with cascade effects on species occurrences, abundances, and on their assemblage structure.
According to the German Diatom Red List, all lakes in the Rhaetian Alps can be considered refuges for several taxa classified as endangered or decreasing (at least 10% of species in each lake). In particular, lakes L1 Rosole and Manzina, characterised by highly mineralized waters, present very high percentages (>45%) of these species. In general, endangered species show very low abundances and frequencies: the only exceptions are Brachysira vitrea and Rossithidium petersenii (found in 38% of lakes), and Microcostatus krasskei (found in 50% of lakes).
However, according to Falasco and Bona (2011) , a comparison with the Red List could present some shortcomings since the list has not been updated since 1996, it is based on regional data, and for a large number of species information is still lacking. Thus, further in-depth studies will allow to update and validate the Red List data set for the Italian Alps.
CONCLUSIONS
1.! The SNP lakes revealed a wide chemical variability even in limited geographical areas, both as regards major ions and nutrient concentrations. In these lakes, 36 macroinvertebrates taxa and 111 diatoms taxa were collected along the lake shorelines. The taxa identified were ubiquitous and frequent along the Alps and most of them were represented by coldstenothermal species.
2.! The comparison with P-L Alps lakes showed that: i) the altitudinal/temperature gradient is of particular interest for the distribution of insects, contributing to their dominance on oligochaetes at the highest elevations; ii) unlike what observed for the benthic community, the altitudinal gradient here considered is not so extensive as to influence the diversity of diatoms, so that their current assemblage structure is comparable throughout the Alpine Accepted Article
region; iii) the lakes in the R Alps represent an exception for macroinvertebrate biodiversity because of their very high elevation. This insight cannot be regarded as valid for diatoms assemblages because iv) they respond mainly to water chemistry (nutrients and ionic content).
3.! Lake chemical and biological surveys, like the one here presented, allow to get information on the ecological status of high altitude lakes, and on the local key factors driving their biological diversity.
4.! The global change scenario predicts an increase in temperature along the Alps (Gobiet et al., 2014) , resulting in a reduction of snow cover and the thawing of the cryosphere. These will induce an increase in ionic content and in lake water turbidity, and more pronounced water level fluctuations (Preston et al., 2016) . In the near future, these variations are expected to impact on macroinvertebrates and diatoms with: i) shifts towards euryhaline and aerophilic species, ii) losses of sensitive species, and ultimately iii) alterations of biodiversity (Sommaruga, 2015; Hotaling et al., 2017) 9!Hence, these new data in the SNP will represent a benchmark to directly measure the climate change impacts in these high altitude habitats.
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